This paper is an attempt to present and discuss the scientific context prior to the outbreak of the Russian Revolution in 1917. Some general aspects of the scientific milieus of the eighteenth and nineteenth centuries are described, including the period of Peter the Great, the foundation of the Academy of Science, and the influence of great figures of science, both Russian and foreign. In the eighteenth century, Euler (1707-1783) and Lomonosov (1711-1765) were chosen as symbolic and representative figures, while in the nineteenth century,
Introduction
The Russian revolution in 1917 was one of the most radical turning points in Russia history. It affected economics, social structure, culture, international relations, and industrial development, amongst other transformations. The revolution opened the door for Russia to enter the industrial age and consequently to achieve modernity (Carr, 1979) . Before 1917, Russia was an agrarian nation, with only very limited industrial development. However, the pre-1917 scientific base was of fundamental importance for propelling the country forward and for technological advances, such as electrification and new urban-industrial regions which appeared almost immediately (Kirchner, 1982) . Education also played a major role, with illiteracy being practically eradicated.
Using the scientific background from the pre-revolutionary period, during the 1920s, the Soviet state changed research organizations into an institute system
Russian Science in the Eighteenth Century
The two major traditions in Russian science in the above period were mathematics and studies of natural resources. Furthermore, these traditions have continued until the present. In both, but especially in mathematics, foreign researchers dominated, notwithstanding many works written by Russians at the end of the eighteenth century. The most famous case is Leonhard Euler who came to St. Petersburg to study mathematics and physics (Oliveira, 2007) . He arrived in 1727 as an assistant professor of physiology. Other examples of foreign academics include Daniel and Nicolaus Bernoulli.
The contributions of Euler and the Bernoulli brothers alone gave St. Petersburg prestige and honor in the history of mathematics. They came from Basil.
Euler spent two long periods in St. Petersburg, from 1727 to 1741 and from 1766 until his death in 1783. The majority of his works was written in St. Petersburg.
Euler arrived young in Russia, twenty years old and received his professional education there. With respect to the Bernoullis, Nicolau's career was interrupted by his death with the age of thirty-one. Daniel stayed only seven or eight years in St. Petersburg, before returning to Basil, but in Russia he started writing his famous book Hydrodynamics (1738) which contains the Bernoulli principle (Bernoulli, 1738) .
Critics of Russian science in the eighteenth century have argued that these contributions are much better described as Russian carried out by European scientists, and some of whom actually returned to their original countries.
Another comment that appears is that the high-level mathematics studies encouraged were far from the educational necessities of the country and were at the very least a distortion of priorities. However, these studies consolidated the Russian mathematical tradition (Karp & Vogeli, 2010) . Even if we look at Euler's work, obviously he did not work alone in St. Petersburg, where he created a school for young people that have continued his work after his death. Some of his disciples include Stepan Rumovskii and S. K. Kotel'nikov who significantly help Russia enter the field of contemporary mathematics, where it still has a leading place.
The second great scientific heritage in the eighteenth century was studies of natural resources, often obtained through expeditions. The American historian came from these expeditions in Russia in the period 1742-1822 (Graham, 1993) .
The eminent German naturalist Peter Simon Pallas (1741-1811) became a member of the St. Petersburg Academy and spent almost his entire adult life in Russia, from the age of 26 until 69.
Mathematics and natural history in the eighteenth century were the areas where Russian science acquired its most remarkable position from the viewpoint of its contribution to European science (James, 2002) . In addition, the St. Petersburg Academy was responsible for the translation of many European scientific works and helped the government solve many technical questions, as well as contributing to the promotion of scientific education in the country.
Moscow University, founded in 1755, made few contributions to science in this period despite providing the organizational foundations for the development of science in the next century (Brooke, 2006) .
Finally, since the beginning of the eighteenth-century Peter the Great had tried to bring European science and technology to Russia having a remarkable role to do this regarding the top of the Academy. His critics did not always agree with his methods, but he always replied saying that his successors would continue and complete his project.
Science in the Peter the Great Period
Peter the Great (Figure 1 ), the 'Reformer Tsar Reformer,' whom the Russians generally call Peter I (Pyotr Pervy) was born in Moscow, on June 9, 1672. He died in St. Petersburg, on February 8, 1725 and is entombed in Cathedral of Saints Peter and Paul, located in St. Petersburg (Anderson, 1978) .
The reign of Peter the Great (1689-1725) has a special importance in Russian history, mainly due to the introduction of Western European science in the country. It is possible to argue that many of these reforms were suggested by his father Alexis. Moreover, Moscow had previously received foreign influences and culture from other European countries which had left their marks. Nevertheless, Figure 1 . Peter the great (Portrait by P. Delaroche). an artillery school, an engineering school, and a medicine school were also founded during his reign.
Peter thus created a favorable atmosphere for the penetration of European science and culture in Russia, in contrast with his predecessors (Owen, 1995) .
Hence, in his reign a small part of the Russian population, mainly belonging to the nobility but also including some academics and literati, began to see West
European culture as something desirable.
Despite his poor education, Peter the Great understood that for Russia to become competitive in the context of European politics more had to be done than just importing specialists and copying the models of other European armies. To achieve this, he visited science academies in France, England, and Prussia, the Greenwich observatory, as well as other places in Europe where scientific research was being carried out. He decided that Russia should create this type of institution.
The Foundation of the Academy of Science
In contrast with other European countries Russia did not have any universities at the time of the foundation of the science academy. This increased the prestige of the academy for a long period. At the end of nineteenth century Russian universities overtook the Academy of Science, a trend that led to the decline of prestige and research effort in this institution, making it more of an honorific place (Graham & Dezhine, 2008) . This transition was not complete when Russian
Revolution radically changed the political context in 1917. The Soviet government adopted a policy of increasing the prestige of academies after 1917, something which reminds us of the Peter the Great period.
Peter the Great, inspired and advised by Leibniz (1646 Leibniz ( -1716 One goal of this new orientation was to cultivate native Russian science (Lieven, 2006) . Its structure permitted the presence of foreign academics at the top, offering the possibility of scientific investigations at the highest level and providing professors in special scientific fields. The foreign professors would bring students from other universities to interact with Russian students, while the university's students would act as (assistant) professors in a kind of third level of the Academy, under the condition of teaching at the gymnasium school and being Russian citizens. In other words, the objective of the development of Russian science was to gradually increase the Russian elements.
Over time some important elements of the original project were changed. The
Academy became in part a foreign institution and many members were German speakers. The first Russian member was not elected until twenty years after its foundation. Only after a century and a half did ethnic Russians win control of the Academy.
From the administrative viewpoint, the Academy was treated as a branch of government and naturally submitted to imperial command. The original project drafted by Blumentrost and approved by Peter allowed for self-government including the right to elect their own members and the president. However, this was obtained late, because the right to elect the president was hidden from the members. This right was maintained until the provisional government in 1917.
In spite of initial difficulties, the Academy became a competent institution.
Among the foreign members who came to St. Petersburg it is possible to find famous scientists who helped Russia to become familiar with European science.
Great Scientists in the Eighteenth Century
Leonhard Euler Petersburg (1768 Petersburg ( -1770 . All these books guided mathematicians for many years, and it can be said that all eminent mathematicians living towards the end of the eighteen century and at the beginning of the nineteenth were Euler's pupils. Mikhail Vasilievich Lomonosov Lomonosov (Pavlova et al., 1984) was the first eminent Russian scientist who worked in various fields, such as chemistry, physics, mineralogy, mining, metallurgy and optics ( Figure 4 ). In addition, he was interested in history and dedicated some time to poetry.
Lomonosov was born in a small village of Mishaninskaia, in the extreme north of European Russia on the White Sea. It seems almost improbable that there would appear from this remote place a scientific figure capable of developing leadership in Russia science in relation to the European context.
In 1730, Lomoosov received permission from local authorities to go to Moscow in order to try to enter the Slavic-Greek-Latin Academy, the best Russian educational institution at that time. It was an Orthodox institution, and had deep roots in Russian intellectual traditions, both Greek and Catholic, as well the Latin one that came from Kiev. However, Lomonosov faced a serious problem, peasants could not be admitted to the Academy. He was obliged to deny his origin and presented himself as the son of a priest. Fortunately, at that moment in Russia a kind of Westernization occurred and in 1735 the Academy of Science gained increasing prestige, though the majority of its members were from abroad. Moreover, it required from monasteries and ecclesiastic academies university students to study with foreign academicians.
Lomonosov was sent with eleven students to the St. Petersburg Academy where he began to study mathematics and physics.
Some other events were favorable to Lomonosov's career. The academy was organizing expeditions for explorations in Siberia and in the arctic region and required a chemist with experience in mining for seeking valuable minerals.
With the lack of this type of professional in St. Petersburg, the Academy decided to technically prepare someone to fulfill this need by sending them to study in Lomonosov's scientific activities can be divided in three periods: from 1740 to 1748 when he basically worked on theoretical physics. In this period, he wrote and taught on matter corpuscular theory, heat theory, and air properties. As result of these investigations in 1746 he published the first physics' work in Russian. However, the majority of his publications were in Latin. From 1748 to 1757, after the construction of his chemistry laboratory, he hardly worked in this discipline, studying chemical affinity, the production of glass and mosaics, the freezing of liquids, and the nature of substance mixtures. From 1757 until his death in 1756, Lomonosov was involved in scientific administration, mining and metallurgy as well as navigation problems. During all of these periods he con- Finally, Lomonosov had a particular way of describing nature through figures and mechanical models, leading to the establishments of fruitful connections and useful consequences.
Russian Science in the Nineteenth Century
During the nineteenth century Russian science developed enormously. All education levels were rising, from elementary to the universities, as well as the highest level of scientific research. However primary education continued to be a problem until the following century.
In At the end of the nineteenth century Russia as a nation continued to be in a backward position from an economic and political perspective (Chakravanti et al., 1987) . Looked at from a scientific point of view, however, significant progress with respect the previous century cannot be denied. In 1900, compared with Germany, France, and Great Britain, Russia was behind them, but the distance had been enormously reduced. However, this century involved long periods of academic reaction and intellectual retrogression as result of political reforms implemented by the autocracy, as well as western ideological influences.
At the beginning of the reigns of Alexander I (1801-1825) and Alexander II (1855-1881), the most innovative periods, great advances were made which were partially reversed in subsequent periods of reaction. Nevertheless, even in these periods many advances continued to be made in science and technology education.
Alexander I and his staff decided that the first step to definitively solve educational problems in Russia was the creation of an education ministry. In 1802 this was created and lasted until the Russian Revolution in 1917, which was charged with the administration of a very impressive system of schools in four levels:
elementary or parish schools, district schools, provincial schools, and universities.
The Russian empire had only one city with university, Moscow, when Alexander acceded to the throne, but he added more three universities: in Kazan, Khar'kov (1804), and St. Petersburg (1819) . With the help of the Academy of Science, the system worked as a lever to move forward the development of It is also necessary to emphasize that the public dimension introduced in Russia was inherited from the French Revolution. In 1792 Condorcet introduced through the National Convention the commitment that each child should be giving an opportunity to develop until the limit of their innate potential. At the beginning of Alexander's reign, the tsar and his staff adopted this characteristic of Condorcet's plan. All educational levels in Russia were thus in principle open to all social classes, including both sexes. In addition, there are no tuition fees, while the state also supported the studies of poor people.
Despite the written rules, this system did not work. No woman went to university during Alexander's reign. Social pressure was much stronger than official rules.
In the second part of Alexander's reign the cost of the Napoleonic wars be- The government concluded that with social and economic system modernization of Russia was impossible. However, educational reforms had a greater impact on the scientific system. University admissions increased significantly, but the privileges of social class implied a decrease in student participation in the applied sciences. Foreign travel for studying was again permitted, while the education of women up to the secondary level was stimulated. New rules for universities established in 1863 eliminated the majority of restrictions created by rules intro- 
Great Scientists in Nineteenth Century
Nikolai Ivanovich Lobachevsky If a line segment intersects two straight lines forming two interior angles on the same side that sum to less than two right angles, then the two lines, if extended indefinitely, meet on that side on which the angles sum to less than two right angles (see Figure 6 and Figure 7 ).
The converse of the parallel theorem is shown in Figure 7 below.
In his classes Lobachevsky tried to prove the fifth Euclidian postulate. His geometry was then derived from the conclusion that a new kind of geometry was possible, in which all Euclidian axioms, except the fifth, was still valid, and did not contain any contradictions. He called this system imaginary geometry, using an analogy with imaginary numbers. If there are much more general numbers, in which arithmetic laws of real numbers can be justified, then in his imaginary geometry, we can also expect that this one would be more general. Consequently, he rejected the unicity of Euclidean geometry, that it is a particular case of a more general system. Hence in Lobathevsky's geometry, for a given straight line Figure 6 . If the sum α + β is less than 180, the two straight lines, meet on that side. In 1856, after presented a new thesis he was promoted to the position of privatdozent at the university, a position for which he had to present a dissertation.
Its subject was silicon composites. At the beginning of 1857, he began to teach chemistry to help researchers in the university's laboratories. In 1859-1860 he worked at Heidelberg University, where he came into contact with Bunsen. In 1860, he discovered the phenomenon of critical temperature-the temperature that gas or steam can become liquid only by increasing pressure, which he called absolute ebullition temperature. These studies then led him to consider once again the relationships of chemical properties and physical particles to their masses. In addition, he was convinced that chemical affinity forces were identical to cohesion forces; as a consequence, his research field can be considered as chemico-physics, a field where chemistry, physics and mathematics meet. Periodic law depended on a quantitative relationship between atomic weight, as an independent variable, and physical and chemical properties. In 1870, he studied the problem of how to develop a complete Natural system of elements.
He applied deductions in order to achieve some important logic consequences, so that by checking these consequences he could confirm the law. The subsequent discovering of three elements predicted by Mendeleev was crucial to the acceptance of periodic law.
Ivan Petrovich Pavlov Pavlov (Dictionary, 2007) Pavlov's contribution to physiology and natural sciences was of fundamental importance. He introduced a new methodology in physiology science. To him the living organism was a complex system whose functioning it was necessary to understand properly, using both analytical and synthetic methods in scientific research. However, the main problem in experimental research was to study reciprocal environmental influences on the organism.
Pavlov's investigations can be classified into three main areas: physiology of blood circulation (1874-1888), physiology of digestion (1879-1897), and brain physiology and superior nerve activity . His first researches on the physiology of circulation were concentrated on the mechanisms that regulate blood pressure. In his PhD thesis, he showed that heart function is regulated by four nerves, which respectively inhibit, accelerate, weaken, and intensify. Pavlov's research in this last area resulted in a publication in 1888.
Elsewhere Pavlov's research on the physiology of digestion (1897) (1898) (1899) (1900) (1901) (1902) (1903) (1904) (1905) (1906) 1911) After his work on the physiology of digestion, Pavlov turned his attention to behavioral physiology. At the beginning of the twentieth century many physiologists, zoologists, and psychologists performed experiments to study brain function, but the information was neither sufficient nor complete. Pavlov then drew on Darwin's theory of evolution, which emphasized psychological and physiologic continuity, and Sahenov's reflexology to create his own behavioral theory.
He described as follows the genesis of his behaviorism: Our time is adequate to perform an experimental analysis of the being, from an objective and external point of view, as happens in other natural sciences. This transition allows for the new comparative physiology that arisen under the influence of evolutionary theory.
Pavlov had publicly communicated his theory of conditioned reflexes in 1903, at the XIV International Medicine Congress, held in Madrid. He found in conditioned reflexes a mechanism of individual adaptation which existed in the animal world. According to him: A nervous temporary connection is a universal physiological phenomenon in the animal world and it really exists in ourselves.
He identified in brain hemispheres the locus of these activities which produces the conditioned reflexes, by also proved that the center of this activity would be found in the cortex. 
Final Remarks and Conclusion
Before the 1917 Revolution, Russian science, as a whole, lagged behind the leading countries of the West, but was in a process of development. However, in some areas and in some aspects, this process was accelerated or even at the same level as the more developed countries. We can underline areas such as mathe- 
